ZOcean Drilling Program, Texas A&lM University, Callege Station, T a a s 77843-3469 ABSTRACE Lower Pliocene diatoms were studied from the Sisquoc Formation and lowermost Foxen Mudstone, exposed along Hams Grade north of Lompoc, California, to refine the diatom biostratigraphy of post-Montercy Formation sediments in California. Sixty-seven diatom taxa were identified in the 25 samples examined from the 790-m thick (2950-ft) section. The diatoms are assignable to the uppermost N~rzschia reinholdii Zone and Thalassros~ra oestrupi~ Zone of Damn (1 98 11, and five tcntative subzones for local correlation are proposed. Regional correlations and taxon occurrence are discussed, and the base of the Aritzschia reinholdii Zone is redefined as at the last occurrence of Thalassionema schraderi.
INTRODUCTION
Middle Miocene to lower Pliocene strata of coastal California are well known for their extensive deposits of diatomaceous rocks (Ingle 198 1) . Typically, these deposits contain hernipelagic diatomaceous shales of the Monterey Formation (upper lower Miocene to upper Miocene) overlain by more massive, detritus-rich diatomaceous mudstones of the Capistrano Formation, the Malaga Mudstone Member of the Monterey Formation, the Sisquoc Formation, or the Purisima Formation (uppermost Miocene to lower Pliocene) (Ingle 198 1; Barron 1986 ).
Studies by Barron (1 97Sa, 1975b , 1976a , 1976b 1976c , Rowel1 (1 98 I), Baldauf and Barron (19821, and Barron and Keller (1983) have established a workable diatom biostratigraphy for the Monterey Formation. In contrast, few detailed biostratigraphic studies exist for the overlying diatomaceous units, especially the Sisquoc Formation.
Classid exposures of the Monterey and Sisquoc Formations
are located in the Johns-Manville Quarry south of Lompoc, California (text- fig. 1 ). Although Barron (1975a Barron ( , 1975b , following Dibblee (1 9501, assigned the majority of the quarry section to the Sisquoc Formation, this sequence propcrly belongs to the Monterey Formation (Woodring and Brarnlette 1950; Wornardt 1967; Barron 1976c; Isaacs 198 1) . Only the three uppermost samples (ARL-2, -4, and -8) studied by Barron (1975a Barron ( , 1975b are actually assignable to the Sisquoc Formation.
In the Santa Maria Basin as much as 1524 m (5000 A) of Sisquoc Formation are exposed (Woodring and Bramlette 1950) . Woodring and Bramlette (1950) recognized both a I basinal facies and a marginal facies in the Sisquoc Formation. The fine-grained basinal facics consists mostly of diatomaceous mudstone but includes some porcelaneous mudstone and claystone. This facies is exposed throughout the central Santa Maria Basin and along the Santa Barbara coast (Woodring and Bramlette 1950; Dibblee 1966) . The marginal facies is predominantly composed of sandstone, the Tinaquaic Sandstone Member, and it is exposed only in the northeast portion of the Santa Maria Basin (Woodring and Porter (19321, Woodring et al. (1943) , Woodring and Bramlette (1 950), Dibblee (1 950), and Wornardt (1 963) . Each of these studies made use of the Harris Grade section which is exposed along former California State Highway 1 as it crosses the Purisima Hills north of Lompoc (text- fig. 1 ). At this locality, the lower portion of the Sisquoc is truncated by a fault. The section's base, therefore, is takcn as the axis of the Purisima Anticline of Woodring and Bramlette (1950) . The section extends from this anticlinal axis northward for 3 km across the crest ofthe Purisima Hills. Woodring Diatoms from the Harris Grade section are discussed by Woodring et al. (1943) , Simonsen and Kanaya (1961) , and Wornardt (1 963,1967) . Simonsen and Kanaya's (1 96 1) study was restricted to the genus Denriculopsis, but Woodring et al. (1943) and Wornardt (1963 Wornardt ( , 1967 followed the practice of earlier diatom biostratigraphers by concentrating on diatoms visible at x 250, and failing to document the stratigraphically useful smaller forms (5-30 pm), such as Thalassiosira, which dominate Sisquoc Formation assemblages (Barron 1975a (Barron , 1975b . Recent studies have stressed the importance of smaller forms in latc Neogene biostratigraphy of I the middle latitude northeastern Pacific (Burckle and Opdyke 1977, 1985; Barron 1981; Dumont 1984; Whiting and Schrader 1985) . These studies indicate the need to document such forms in the Harris Grade section and other exposures of the Sisquoc Formation in order to improve the stratigraphic correlation and resolution of onshore sections.
Although the base of the Sisquoc Formation is not exposed in the Hams Grade section, the Sweeney Road section east of Lompoc contains about 700 m (2300 ft) of lower Sisquoc Formation where it unconfomably overlies the Monterey Formation (Dibblee 1950; Barron 1974) . A reconnaissance study of the diatoms of the Sweeney Road section was completed by Barron (1 974) , and a more thorough study is presently under way by Durnont (1984) figure 2 correlates the diatom zones of Koizumi (1973) schio reinholdii sporadic and mrse throwout the N. and Barron (1980) is slightly below the first occurrence of N. reinholdii (ca 6.5 In the northwest Pacific and Bering Sea, D. kamtschatica first ~a ) . -~o n s e q u e n t l~, the last occurrence of T. schraderi apoccurs in the uppermost Miocene (ca 6.5 Ma); however, its pears to be a better marker for the base of the Nitzschia first occurrence in California sections was delayed until the reinholdiizone than the first occurrence of N, reinholdii. The Pliocene (ca 5.2 Ma) (Barron, 1976a; Harper, 1977 ; Rurckle base of the Nirzschia reinkoldiiZone of Barron (1 98 1), there-
TEXT-FIGURE 2
Comparison of diatom zonation of Koizumi (1973) 
-

fore, is herein redefined at the last occurrence of T. schraderi. It should be pointed out that Thalassionema hirosakiensis (Kanaya) Schrader as identified by Barron (1 98 1) and Rarron and Keller (1983) in California sections is assigned to T.
schraderi by Akiba ( 1 982). The first occurrence of Thalassiosira oestrupii, Barron's (1 98 1) marker for the top of the N. reinholdii Zone, is retained.
NPD Zone X is divisible into two sub7.ones by the last consistent occurrence of Rouxia californica (Barron 1976a) , so the Nitzschia reinholdii Zone can be similarly subdivided.
The last consistent occurrence of R. californica is correlated with the uppermost part of polarity Chron 6 (ca 6 Ma), based on the paleomagnetic studies of Madrid et al. (in press ) on the Purisima Formation at Santa Cruz in northern California,
I
a result consistent with the extrapolations of Barron (1 98 1) and Rarron and Keller (1983 lack Thalassiosira oestrupii but contain T. praeoesfrupii Dumont, Baldauf and Barron (1986) and Lirhodesmium cornigerum, and are assignable to Subzone 1 within the uppermost part of the Nitzschia reinholdii Zone. Samples H-3C through H-6 contain the stratigraphic overlap of T. aestrupii and T. nativa Sheshukova-Poretzkaya and constitute a lower Further studies are required to determine whether these various subzones are useful throughout the Santa Maria Basin of California. Subzone 1 has been recognized in the lower Capistrano Formation and in the Purisima Formation (Barron and Keller 1983 and Barron unpublished data).
Age of the Harris Grade section
Thalassiosira oestrupii first occurs in Sample H-3C and ranges to the top of the Hams Grade section. The first occurrence of Thalassiosira oestrupii falls in the lower reversed event of the Gilbert Reversed Polarity Chron in the Equatorial Pacific, slightly above the Miocene/Pliocene boundary (Burckle 1978; Barron et al. 1985) . (1 985) reported that the first occurrence of T. oestrupii coincides with the top of polarity Chron 5 at northwest Pacific DSDP Site 578: however, these two events fall at the break between Cores 578-12 and 578-13, so the correlation is implied.
Underlying Samples H-2a through H-3B at Harris Grade contain Thalassiosira praeoestrupii, a diatom which first occurs at the top of Chron 5 in California according to the paleomagnetic studies of Madrid et al. (in press) and Dumont et at. (1986) at Santa Cruz. Because Berggren et al. (1985) placed the Miocene/Pliocene boundary at the top of polarity Chron 5, Sample H-2A, the lowermost Harris Grade Sample containing diatoms, would be earIiest Pliocene in age.
Lithodesrnium cornigerum also occurs in Sample H-2A. Early diatom workers (Woodring et al. 1943; Hanna 1930; Wornardt 1963 Wornardt , 1967 (Koizumi and Tanimura, 1985) . Because D, seminae var. fossilis is recorded in DSDP Sites 467 and 469 off southern California by Barron (1981) , it seems unlikely that it was ecologically excluded from the Santa Maria Basin area. Accordingly, the entire Harris Grade section appears to be earlv Pliocene in age.
The early Pliocene age assignment of the Harris Grade section is supported by the occurrence of Delmontian Stage foraminifers in the upper part of the Sisquoc exposed in the section (Woodring and Bramlette 1950 Woodring et al. (1943) and Wornardt (1963, 1967 ) difficult. Modern diatom biostratigraphic studies emphasize smaller taxa and are completed at x 500 or greater. Generally, at least one unsieved slide containing 500 or more specimens is examined in its entirety before a sieved slide is examined. Woodring et al. (1943) fig. 131 (pl. 3, figs. 3, 5 ) and a form with shorter apices, which is equivalent to L. cornigerum of Barron 1976a, pl . 1, fig. 14 (pl. 3, fig. 1 Kanaya and Koizumi (1970) , but he failed to designate a type specimen and I gave a very brief description in Japanese. More complete descriptions were given by Koizumi (1972, p. Thatmsior~t-u sp. aK T. ktyuphjle (Gmnow) Jargensen; Koizumi 1972, pl. 43, fig. 9 ; Ramn 1975a, pl. 14. fig. 1 (pl. 1, fig. 8 ). Synonym:
Thalmsiosira plicato sensu Whiting and Schrader 1985, pl figs. 4 4 (pl, 1 , fig. 6 ).
Thalmsiosira o~slrupii (Ostenfeld) 
